We report on neutral flux measurements in the full tungsten ASDEX Upgrade from the recently upgraded pressure gauge system in a wide range of plasma parameters and divertor conditions in L-mode plasmas. We compare these measurements with the ion and neutral fluxes in similar older discharges in presence of carbon target plates. We then show the qualitative relationship between the divertor poloidal distribution of the neutral flux density and the inner and outer divertor plasma regimes. During plasma density rise, when the plasma at one particular target detaches, the local flux increases abruptly producing a strong in-out asymmetry in the neutral flux distribution in the divertor. The neutral flux at the high field side increase linearly with the plasma density whereas at the low field side mid-plane it remains negligible in all the cases considered here. Finally, we compare detailed ion and neutral flux density profiles along the outer target from Langmuir probes, D α radiation and particle flux measurements obtained during vertical strike point sweeps.
Introduction
Up to date, the integrated modelling of the scrape-off-layer (SOL), divertor plasma and neutral gas does not fully reproduce the experimental observations in present day machines [1] , thus leading to large uncertainties in the predictions for future devices such as ITER. One key element, essential for the understanding of divertor physics and the improvement of the modeling, is the role of the neutral gas. This paper reports on detailed neutral flux measurements in the divertor of the ASDEX Upgrade tokamak in order to document conditions and to establish a database for future edge code validation [1, 2] .
The fast neutral gas diagnostic comprises 20 ionisation gauges of the ASDEXtype [3] , located in different toroidal and poloidal positions covering the upper and lower divertor and main chamber (see figure 1 ) and has a time resolution of 1 ms. The gauge head, installed in a box with a small entrance hole, measures directly the neutral particle density, n 0 , in the volume between the acceleration grid and the ion collector (ionisation volume). This density is, in general, different from the external density. Through proper calibration however, the gauge signal can be related to the neutral flux density outside the gauge, Γ D , without any assumption on the neutrals velocity distribution if the conduc-tance into the ionisation volume is sufficiently small [3] . Recently, in 2006 and 2007, new gauges have been installed. In particular, gauges #20 and #8 are connected to the front of the target plate through a chimney in between tiles in the inner and outer divertor respectively and measures directly the recycling in front of the targets. Due to the size of the chimney and the geometry of tiles the measurement is localised in 1-1.5 cm around the chimney position.
The spectroscopic measurements of D α radiation in the divertor region uses many lines of sight connected via fiber optics to a spectrometer. The system has a typical time resolution of 100µs and about 2cm of spatial resolution.
Several Langmuir probes, flush mounted in the divertor tiles, provide electron density/temperature and the ion fluxes, Γ + , at the targets. A set of ohmic and ECRH heated L-mode discharges at different line averaged densities,n e , were used to obtain the poloidal distributions of neutral fluxes. We mainly concentrate on the divertor region. In fact the neutral fluxes at the outer mid-plane is, in these discharges, always below 4 × 10 20 particle/s, practically negligible with respect to divertor values. Density variation and detachment are achieved through gas puffing from the low-field-side main chamber or from the lower divertor, below the roof baffle. The gas is puffed, respectively, from one (sec- Under the assumption of dominant surface recombination the D α radiation is emitted locally in front of the target. The T e and n e from the Langmuir probes can then be used to calculate the photon efficiency coefficient S/XB and thus the neutral fluxes. This approach is expected to be valid in attached plasma condition with T e at target larger than 15eV with the D α emission originating only from a layer in front of the target plate and not along the divertor leg.
2 Poloidal distribution of the neutral gas flux density and the connected recycling regions in the inner and outer divertor. . With CFC the threshold density for detachment appears to be similar within 10%. In general, this result reflects the small difference observed in the neutral gas dynamic between W and CFC target plates. We note that at the highest density, the neutral fluxes for the CFC targets is higher by a factor of 2. This difference in recycling level cannot be attributed directly to the different PFC materials since some experimental conditions were also different. For instance we used main chamber fueling for the full-W series and lower divertor fueling for CFC plates. In this latter case the pumping capability was also lower by about 30% compared to the actual value of 155 m
It is well know that the neutral flux in the divertor strongly increases with n e [6, 7] and 0.7M W ECRH is shown in figure 3 . As in all the discharges presented here the X-point was formed at t=0.5s. During the low density phase, the plasma at the inner target is relatively hot, T e >20eV , indicating an attached state. The outer divertor shows higher T e ∼35eV and it is also attached. The neutral flux density is greatest in the subdivertor region, it is about twice the inner divertor flux and four times the outer divertor flux, 
Conclusions
Recycling characteristics similar for W-coated and CFC target plates for the same averaged plasma density. The density threshold for outer target detachment stay the same (within 10%) and, at constantn e , neutral fluxes change maximum by a factor of 2. The poloidal distribution of neutral particle fluxes in the divertor changes strongly with the plasma density. At low and medium densities it is highly asymmetric being larger at the inner target, especially after detachment of the inner target. At higher plasma density, when also the plasma at the outer target detaches, the neutral fluxes are larger in the outer divertor and appears to dominate the subdivertor flux. As a consequence the full neutrals distribution should be used to constrain the simulations or when comparing measurements and simulations. In attached plasma condition, the profiles of neutral particle flux around the strike point from D α measurements and ion gauge agree within uncertainties as expected. Ion fluxes are typically 2-3 larger than neutral fluxes. This difference is at present unexplained and it has to be investigated in the future. The X-point is formed at t=0.5s 
